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surface of the polymer before actuation of the second
portion to create a second surface feature on the first surface.

[0012] These and other features and advantages of the
present invention will be described in the following descrip-
tion of the invention and associated figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIGS. 1A and 1B illustrate a top perspective view
of a transducer before and after application of a voltage in
accordance with one embodiment of the present invention.

[0014] FIG. 1C illustrates a side view of transducer
including a surface region before actuation in accordance
with one embodiment of the present invention.

[0015] FIG. 1D illustrates a side view of transducer
including surface region after actuation in accordance with
one embodiment of the present invention.

[0016] FIG. 1E illustrates a transducer comprising a rigid
layer in accordance with one embodiment of the present
invention.

[0017] FIG. 1F illustrates a monolithic transducer com-
prising a plurality of active areas in accordance with one
embodiment of the present invention.

[0018] FIG. 1G illustrates an electroactive polymer trans-
ducer before deflection in accordance with a specific
embodiment of the present invention.

[0019] FIG. 1H illustrates the transducer of FIG. 1G after
deflection.

[0020] FIG. 2A illustrates a transducer including a passive
layer that enhances out-of-plane deflection in accordance
with one embodiment of the present invention.

[0021] FIG. 2B illustrates the transducer of FIG. 2A in an
actuated state.

[0022] FIG. 2C illustrates a transducer comprising an
electroactive polymer between two passive layers in accor-
dance with a specific embodiment of the present invention.

[0023] FIG. 3A shows a top elevated view of crossing
common electrodes for a transducer in accordance with a
specific embodiment of the present invention.

[0024] FIGS. 3B-3C show top elevated photos for a
transducer including a passive layer in accordance with
another specific embodiment of the present invention.

[0025] FIG. 3D illustrates a top elevated view of a trans-
ducer in accordance with a specific embodiment of the
present invention.

[0026] FIG. 3E illustrates a top elevated view of the
transducer of FIG. 3D with actuation of a letter.

[0027] FIG. 3F illustrates a side view of grid surface
features electrodes for a transducer in accordance with
another specific embodiment of the present invention.

[0028] FIG. 4 illustrates a process flow for using an
electroactive polymer transducer in accordance with one
embodiment of the present invention.

[0029] FIG. 5A illustrates a method for moving two
objects relative to each other using stepwise deflection of
multiple active areas in accordance with a specific embodi-
ment.
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[0030] FIG. 5B illustrates surface deforming electroactive
polymer transducers mounted to a surface of a wing and a
flap in accordance with a specific embodiment of the present
invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0031] The present invention is described in detail with
reference to a few preferred embodiments as illustrated in
the accompanying drawings. In the following description,
numerous specific details are set forth in order to provide a
thorough understanding of the present invention. It will be
apparent, however, to one skilled in the art, that the present
invention may be practiced without some or all of these
specific details. In other instances, well known process steps
and/or structures have not been described in detail in order
to not unnecessarily obscure the present invention.

1. GENERAL STRUCTURE OF
ELECTROACTIVE POLYMERS

[0032] The transformation between electrical and
mechanical energy in transducers and devices of the present
invention is based on elasticity of an electroactive polymer
and energy conversion of one or more portions of an
electroactive polymer (EAP).

[0033] To help illustrate the performance of an electroac-
tive polymer in converting electrical energy to mechanical
energy, FIG. 1A illustrates a top perspective view of a
transducer portion 10 in accordance with one embodiment of
the present invention. While electroactive polymer transduc-
ers will now be described as structures, those skilled in the
area will recognize that the present invention encompasses
a methods for performing the actions as described below.

[0034] The transducer portion 10 comprises an electroac-
tive polymer 12 for converting between electrical energy
and mechanical energy. In one embodiment, an electroactive
polymer refers to a polymer that acts as an insulating
dielectric between two electrodes and may deflect upon
application of a voltage difference between the two elec-
trodes. Top and bottom electrodes 14 and 16 attach to
electroactive polymer 12 on its top and bottom surfaces,
respectively, to provide a voltage difference across a portion
of the polymer 12. Polymer 12 deflects with a change in
electric field provided by the top and bottom electrodes 14
and 16. Deflection of the transducer portion 10 in response
to a change in electric field provided by the electrodes 14
and 16 is referred to as actuation.

[0035] FIG. 1B illustrates a top perspective view of the
transducer portion 10 including deflection in response to a
change in electric field. In general, deflection refers to any
displacement, expansion, contraction, bulging, torsion, lin-
ear or area strain, or any other deformation of a portion of
the polymer 12. The change in electric field corresponding
to the voltage difference applied to or by the electrodes 14
and 16 produces mechanical pressure within polymer 12. In
this case, the unlike electrical charges produced by elec-
trodes 14 and 16 attract each other and provide a compres-
sive force between electrodes 14 and 16 and an expansion
force on polymer 12 in planar directions 18 and 20, causing
polymer 12 to compress between electrodes 14 and 16 and
stretch in the planar directions 18 and 20.



